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A phenomenon of modern America is the so-called
"think company." It owns no factories, manufac
tures no products and makes no shipments, but
just "thinks" about problems--and brilliant ways
to solve them.
We have a number of "think companies" at Westing-
house. One is a group of scientists who do almost
nothing but seek basic knowledge, like the produc-
tion of light by solids and the origin of magnetism
Other Westinghouse scientists apply basic knowledge
to that most demanding of all problems ... national defense.
And there is still another group whose principal job is to
think about what products will be needed in the American home
10 or 15 years from now.
Out of this kind of thinking at Westinghouse have come
startling advances in atomic power, the launching system for
Polaris, the super magnet, and other developments.
The achievements of Westinghouse scientists in the past
are the best guarantee of new ones in the future.
For information on rewarding career opportunities at
Westinghouse, an equal opportunity employer, talk with
our representative when he visits your campus, or write
L. H. Noggle, Westinghouse Educational Department,
Ardmore and Brinton Roads, Pittsburgh 21, Penna. You
can be sure ... if it's Westinghouse
w
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CONTINUOUS
PRECISIO
The flick of a switch anywhere in the electric service area of the Wisconsin Electric
Power Company system will be under the "watchful eye" of a special purpose on-hne
analog computer by the end of 1963. Power requirements of the system's approxi-
mately 600,000 customers will be known at a given instant at the system's power
supply office in Milwaukee. The computer will analyze the electrical needs and antici-
pate the probable results of load dispatcher action and will automatically control the
loading on individual generators which make up the system's 1,925,210 kw of generat-
ing capacity. In addition it will regulate the flow of energy over the company's inter-
connections with neighboring utilities and adjust for minute changes in frequency.
The computer will provide "continuous precision" in executing the rules and
formulas developed periodically by company engineers in order to achieve minimum
costs in the production of electrical energy. Computers are not new tools to company
engineers who use them extensively to improve present performance and to plan the
power systems of tomorrow. Write our Employment Placement Division for informa-
tion about challenging engineering assignments in many fields.
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co.
MILWAUKEE, WIS.
Wisconsin Michigan Power Co.
APPLETON, WIS.
Wisconsin Natural Gas Co.
RACINE, WIS.
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To catch an atom . .
.
Did you know that only one in every 140 uranium atoms found in nature can be split to produce usable
nuclear energy? It takes fantastically intricate equijiment to capture these elusive atoms. The people of
Union Carbide are doing it in a plant at Oak Ridge, Tennessee, large enough to hold 35 football fields.
Many people thought the uranium sei)aration process too complex to work. For example, pum|)s had
to be developed, that run faster than the speed of sound . . . filters made with holes only two-millionths of
an inch across. Union Carbide scientists and engineers not only helped design such a plant and made it
work, 20 years ago, but they have been operating it ever since. Union Carbide also operates other vital
nuclear energy installations for the U.S. Atomic Energy Commission. One is Oak Ridge National Labora-
tory, the largest nuclear research center in the country. To handle such big research and production jobs
requires big, experienced industrial companies. It is only because of their extensive resources and skills
that it is possible to take the giant steps needed to bring laboratory develoiiments to full-scale
production quickly and successfully.
A HAND IN THINGS TO COME
WRITE for the booklet, "Union Carbide's Twenty Years in Nuclear Energy."
January IS, 1963, marked the 20th anniversary of the Corporation's work at Oak Ridge.
Union Carbide Corporation, 270 Park Avenue, New York 17, N. Y. In Canada, Union Carbide Canada Limited, Toronto.
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UNION
CARBIDE
YES
Would you like to choose
from a broad spectrum of openings?
YES
NO
Would you welcome an early chance
to work on whole projects?
NO
Do you give high priority
to fewer steps to the top?
YES
NO
Is choice of geographical location
important to you?
YES
NO
Do you tend to prefer
a formal training program?
YES
NO
Will employee benefits
strongly influence your decision?
YES
NO
Can you handle the challenges
of early responsibility?
YES
NO
Do you welcome
individual attention by management?
YES
NO
Is job security one of your
most important factors?
YES
NO
Is unlimited growrth opportunity
an important prerequisite?
Test yourself. Are you a small or large company man?
If >ou answered "yes" to six or
more questions, it indicates that you
are strongly attracted by the ad-
vantages of both large and small
companies. If so, you might be espe-
cially interested in Babcock & Wil-
cox.
B&M' is certainly a large and pro-
gressive eoinpany. Its 1961 sales, for
example, were more than $300 mil-
lion. And every year, B&W invests
many millions of dollars in research
and development. H&W can offer you
all the ad\antages of a large com-
pany — formal training program,
wide variety of job openings ( 16
plants in 8 states), plus the security
and benefits of a large, 95-year-old
organization.
Bsclf ean also be considered a
small company. There are 1 50 larger
industrial companies in the U.S.
(irowth opportunities are enormous.
Yet only 64 bachelor-level students
will be hired in 196,i. This select
group will be gi\en an opportunit\'
to work on important projects at an
early stage in their professional ca-
reers.
Right now, B&W has challenging
job openings for both graduate and
undergraduate engineers and scien-
tists, including E.E., Ch.E., M.E.,
Met. E., Cer.E., chemists, and physi-
cists. Why not write for more infor-
mation? J. W. Andeen, The Bab-
cock & Wilcox Co., 161 East 42nd
Street, New York 17, Xew York.
Babcock&Wilcox
Tech Says
Awareness - The Key to College Improvement
The key to college improvement through
Student Evaluation and Opinion
Educators and students aj^ree that the free exchange
ot ideas between instructors, administrative leaders, and
undergraduate engineering students is essential for a pro-
gressive Engineering College. Yet administrators and
educators seem perplexed at the lack of constructive stu-
dent evaluation and criticism. (See Dean Wakeland's
article, STUDENT COMMENT AND (OPINION,
page 7.)
At first glance the lack of undergraduate studi'iit
interest and criticism on the engineering campus may
seem, as many people have suggested, due to the fact that
students see their college through eyes lined with nothing
but future dollars and cents. A closer inspection, however,
will reveal that a lack of awareness of their college and its
activities is the main barrier. All too often a student will
"\ent his spleen" only to be told that his "gripe" is well
known and the condition is already being rectified. Need-
less to say, only one such display of unawareness is
enough to discourage any wouhi-be crusader.
The missing ingredient is a reliable and consistent
link between student thoughts and evaluations on one
side and faculty, research, and administrative activities
and proposals on the other.
Student awareness breeds interest, pride, and respect
—the backbone of valuable student evaluation and opin-
ion. In general, the engineering student has a meager and
often false sampling of the acti\ ities flowing within the
veins of the twelve acres he patrols daily. Witliin his
own department the average student is not e\en familiar
with three specific research projects, two well-known
developments his department and faculty ha\e pioneered,
or one proposed curricula change. When such topics as
reinforced concrete, transistors, and sound movies are
mentioned, the student replies, "Yes, I've heard of them!"
without once realizing they were de\eloped and perfected
on the I nixersity of Illinois engineering campus. Like-
wise, the names of noted faculty members such as
Bardeen, Kerst. Tykociner, and von Foerster are regard-
ed with a similar lack of awareness.
Little if any of this unawarness can be attribute<l en-
tirely to the student. For instance. man\ students have
been "guinea pigs" for new instructional techniques with-
out being aware of it before or after the course. How can
a student evaluate the unknown? A similar qualified
cloak of secrecy surrounds research projects and proposed
curricula changes. Is the undergraduate student really
such an irrelevant element on his own campus?
Sure, the faculty can counter with, "What do the.se
guys need—a seeing-eye dog?" The answer is no. What
is needed is a direct "pipeline of awareness" to the engi-
neering student whose college is too big for him to peep
behind every door and drop in on every conference, (^nce
the student is aware of what is being done, he can un-
hesitatingly and intelligently evaluate, criticize, and bring
into view that which is not being consiilered.
Perhaps one of the most valuable pipelines to pro-
mote student "play-back" would be an undergraduate
weekly newsletter or similar publication outlining new
findings in research, administrative actions and proposals,
and the activities of Engineering Council. If the College
of Engineering sincerely wishes to advance and improve
the college, it should not knowingly or unknowingh' hide
behind a circumstantial cloak of secrecy.
For an effective stutient-faculty "play-back" to exist,
the student engineer must ha\e pride in his college and
the background, interest, and awareness to work not
only for but ziith his college. Pride, interest, and back-
ground are generated by awareness—the missing link for
college improvement through student evaluation and opin-
ion. If the undergraduate's opinion is really wanted, why
does the College of Engineering open only its classrooms?
—Garv Daymon
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OPPORTUNITY
is yours at
DEICO
solid state electronics)
Ambitious, talented young men with new
ideas and a zest for challenge will find
unusual opportunity at Delco Radio Division,
General Motors Corporation.
Delco enjoys an enviable reputation for attracting
and retaining top-notch talent in the
electronics field. We feel it's a result
of the atmosphere at Delco where
the individual finds opportunity
to exercise and develop his
abilities to the fullest.
Our recently completed 125,000 sq. ft.
Research and Development Center
provides unlimited facilities
for utilizing these abilities
in the investigation and development
of such space age devices as semi-
conductors, computers, static inverters,
thermoelectric generators, power supplies,
machine controls, to name but a few of
Delco's current projects.
To this combination of outstanding talent and
facilities we attribute our pattern of success
over the years. To this same combination
we look for continued success as we assault
the challenges of the future.
Why not cast your lot with a leader
in the field? Arrange an appointment
with our interviewer when he visits your
campus, or for additional information
write: Mr. C. D. Longshore, Supervisor
—Salaried Employment.
ELco Radio Division of General Motors
KOKOMO, Indiana An equal opportunity employe.
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The Dean's Page . . .
STUDENT COMMENT AND OPINION
Dean H. L. Wakeland
In any true educational experience
there must be a meeting of minds be-
tween instructor and student. The
thoughts of the instructor must be trans-
mitted through oral, visual or written
means to the student. This does not
mean that the student full\- understands
each phrase or example, but that the
seed of thought has been planted and
will grow with assistance from the stu-
dent and nourishment by the instructor.
How do you determine if the phinting
has been successful? — through quizes?
—final examinations? — term papers?
These methods measure onl\' whether
growth has taken place. The\' will not
indicate why growth hasn't taken place
or why the transplanting wasn't success-
ful in the first place. Onl\- through a
"play-back" from the stuiient, can the
instructor determine his effectiveness and
success as a teacher. The "pla\-back"
from students is more than the mere re-
cording of quiz or examination grades
—
it is the student's evaluation of the in-
structor's teaching methods, attitudes and
preparation as well as the student's
evaluation of his ov.ii attitude and short-
comings.
Students seldom volunteer this type
of "play-back." Perhaps because they
fear retaliation—or because of indiffer-
ence—or due to the fact they are not
encomaged to do so. No one wishes to
invite the spontaneous and seemingly
irresponsible type of demonstrations uni-
versit)' students sometimes generate, but
honest and lincere expressions are wel-
comed and needed from students.
Unfortunately, the most radical or
cleverly stated criticisms are the ones
most often published in campus news-
papers and few campus publications seek
factual student opinion. When did the
last article appear in this publication
which either complimented or questioned
the engineering instruction or curricula
at the Universit>' of Illinois?
It is true that student expression is
sometimes killed or diverted by out-
right censure or indifference, but this
is the exception rather than the rule. We
expect students to be mature and .self-
sufficient in their attitudes toward edu-
cation and in performance of studies.
Shouldn't we also expect their judge-
ment and e\aluation to be \aluable?
At one time or another we all get
"hot under the collar" and in the heat
of a given situation make a slightly
erroneous statement. But when a per-
son "blows off steam" he is usually also
prett\' close to the truth. Actu.'ilK, I am
continually amazed by the fairness of
students in their attitudes and usuall>
find their e\ .iluations quite factual. In
addition, students are often in the best
position to give a judgement. Por in-
stance, who is most directh- effected b\
the level of classroom instruction? Who
has more exposure to a new instructional
method used th.in the stuiient? He is
often in a better position to make these
e\al nations than any one else.
"Play-back" from students is not onl\
desirable but needed to continualK
evaluate and maintain a strong engineer-
ing undergraduate program. Though in-
dividual observations are welcomed, re-
member there is strength in an organized
approach or in numbers. If you feel
strongly about a specific matter, air your
views in a student society meeting or to
the Engineering Council. If they sup-
port you, your criticism will receive
greater consideration.
Recently the Student Senate made a
survey on the qualitv of teaching at the
Lniversity of Illinois. It was well or-
ganized, fair, and represented the opin-
ions of a reasonably large number of
students. They found that the majority
of students considered the teaching of
the I'niversity to be neither excellent
nor poor, but good. On the basis of some
of their more specific conclusions and
recommendations there is a good chance
that some changes will be made in im-
proving and evaluating instructors and
teaching methods. In your opinion, what
is the qualitv- of teaching in the College
of Engineering? Is the engineering ad-
vising svstem adequate? Which courses
have been the least challenging? Has
your interest in engineering been dulled
or sharpened and why? Do you feel that
you are getting the very best education
available in your specialized area? Is
registration or pre-registration unduly
cumbersome?
We simplv do not get the "play-back"
from engineering students which is need-
ed. If vou earnestlv' believe that certain
changes or improvements are needed in
our undergraduate engineering program,
ov in a specific course, or in student
activities
—
you have a responsibility as
well as a right to voice your opinion.
FEBRUARY, 1963
AT NASA, you're IN THE AEROSPACE CENTER OF THE FREE WORLD
NASA... your place in space
NASA programs encourage swift professional growth
for the engineer or scientist launching his career
You can accelerate your career swiftly
as a professional staff memljer of the Na-
tional Aeronautics and Space Administra-
tion. Stimulating assignments, unequaled
resources, liberal programs of educational
assistance, early responsibility—all help
hasten the professional growth of the
engineer or scientist who chooses NASA
for his initial career position.
Each NASA research center offers its
own comprehensive plan to help advance
your knowledge and speed the time when
you can contribute at the peak of j'our
capacity. The plans differ from center to
center, but this summary is generally valid
throughout the NASA complex:
NASA Installations
Maintain University Ties
NASA centers have established close
relationships with nearby universities. As
a professional staff member, you may
pursue graduate study either in the even-
ing at NASA's expense or during regular
working hours on full salary. And, if
necessary to fulfill vmiversity requirements
for a graduate degree, you may become a
resident student, also on full salarv.
NASA encourages advanced study in
astronautics, phj'sics, electronics, chemis-
try, metallurgy, mathematics, astronomy,
and geophysics, as well as aeronautical,
mechanical, electronic, electrical, nuclear,
ceramic, and civil engineering, engineering
mechanics, and engineering physics.
Guggenheim, Sloan, Brookings
Fellowships Available
Additional avcnvies of opportunity will
be open to you because NASA participates
in fellowship programs of the Guggen-
heim and Sloan Foundations and the
Brookings Institution. Right now, as a
result of this participation, NASA staff
members are attending Cal Tech, M.I.T.,
Harvard, and other leading schools, re-
ceiving full salary, expenses, and per diem.
NASA helps you keep abreast of the
latest developments in your field by per-
mitting frequent attendance at major
technical conferences in this country and
abroad.
Unique Intern Programs
Increase Technical Competence
The NASA centers offer exhaustive in-
house educational opportunities as well,
including the vuiiqiie Intern Programs.
The regular in-house activities include
lectures, seminars, films, and expense-paid
trips to other organizations. The Intern
Program is somewhat different. As an
Intern, you study and work closely with a
senior NASA scientist or engineer, a
leader in his—and your—field. This is an
informal and exceedingly productive
arrangement, which usually lasts for six
months. The Intern Program is designed
to firing you very rapidly to the forefront
in a special technical area.
Get All the Facts
About a NASA Career
Learn more about your future with
NASA. Contact your College Placement
Officer to arrange an interview with NASA
representatives visiting your school. Or
send a letter outlining your interests and
background to the Personnel Officer at any
one of the following NASA locations:
NASA Goddard Space Flight Center,
Greenbelt, Md.; NASA Langley Research
Center, Hampton, Va.; NASA Lewis
Research Center, Cleveland, Ohio; NASA
Marshall Space Flight Center, Huntsville,
Ala.; NASA Ames Research Center,
Mountain View, Calif.; NASA Flight
Research Center, Edwards, Calif.; NASA
Manned Spacecraft Center, Houston,
Texas; NASA Launch Operations Center,
Cocoa Beach, Fla.
NASA is an equal op-
portunity employer.
Positions are filled in
accordance with Aero-
space Technology
Announcement 252-B.
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Opportunities at Du Pont for technical graduates— third of a series
I
7-
LYCRA"
A production triumph for technical men
Few women enjoying their 4-ounce LYCRA and nylon
bathing suits will care how LYCRA spandex fiber got to be
a third lighter than rubber and three times as restraining.
But the technical men who produce LYCRA at our
Waynesboro, Va., plant do care. For LYCRA is tough to
make. As one technical man put it, "LYCRA requires the
greatest care, the finest controls, the most complex chemi-
cal reactions and manufacturing processes, the most deli-
cate handling. The fact that it js^ being made — and of the
highest quality— is a stunning achievement."
Considering that LYCRA is just one of hundreds of such
products developed and manufactured by Du Pont, there's
little reason to wonder why we need so many good chemi-
cal, mechanical, industrial and electrical engineers, physi-
cists, mathematicians and chemists.
And on the production line, their responsibilities are
big. Especially for some of them-like the new supervisors
in our photo— who were in college like yourself just a few
years ago. For not only must they excel in their respective
technical specialties— they must also have leadership
abilities and strong feelings for sound employee relations.
If a career in production — where you might handle
everything from intricate process problems to the ship-
ment of finished products—appeals to you; or if you're in-
terested in research, development or sales, write to us.
Use our coupon. You'll receive information about em-
ployment opportunities at Du Pont, and, if you like, about
LYCRA and other new Du Pont products featured in our
"Opportunities" series. Mail coupon today.
W^
BETTER THINGS FOR BETTER LI VING ... THROUGH CHEMISTRY
An equal opportunity employer
E. I. du Pont de Nemours & Co. (Inc.)
Nemours Building, Room 2531-2, Wilmington 98, Delaware
Please send me the literature indicated below.
~ Du Pont and the College Graduate
C2 Mechanical Engineers at Du Pont
D Engineers at Du Pont
n Chemical Engineers at Du Pont
n "Opportunities" series technical information
Namp
VEHICLE OF THE FUTURE
By Stuart Umpleby, ME '66
The world's transportation is in a rut.
While astronauts orbit the earth and
scientists take potshots at Venus, earth-
bound men move about in automobiles
and ocean liners which are actually only
improvements on the chariot and gal-
leon. What the alert space age man
needs is a vehicle similar to a flying
saucer to whisk him around on earth
while spaceships explore the universe.
Such a vehicle is the ground effect ma-
chine, which rides on a cushion of air a
few feet above land or water.
Several articles on ground effect ma-
chines appeared in popular scientific
magazines when the idea became widely
known soon after 1959. This article
will bring the reader up to date on this
new space age vehicle.
The Ground Effect Principle
Air cushion vehicles are able to tra-
vel above the surface of the earth with-
out the use of wheels or hydrofoils be-
cause of the ground effect principle,
which states that a body of fluid trapped
between a solid structure and the ground
can be made to sustain the weight of
that structure at an appreciable distance
above the ground. An airplane experi-
ences the ground effect whenever it flies
close to the ground. As the air above the
earth is shoved up under the wing, lift
increases and drag decreases, a phenom-
enon still only vaguely understood by
scientists. A falling body also experi-
ences the ground effect. Just before the
object strikes the ground, air is com-
pressed between the object and the
ground, and a vertical push results. The
ground effect principle is utilized by
the lift systems of all air cushion ve-
hicles, and the great diversity of lift sys-
tems invented reflects the ingenuity being
brought to this new field.
Lift Systems
(1) The open plenum ground effect
machine is essentially an inverted bowl.
Although it is the simplest and cheap-
est type to build, several disadvantages
offset its economy of construction. The
large plenum chamber takes up valu-
able cargo space ; forward flight dis-
rupts the supporting cushion unduh ;
and hover heights are only a few inches,
even for big machines.
(2) The peripheral jet GEM
(Ground Effects Machine) generates
Figure 1. The hovercraft pictured above is presently being used in Britain
to ferry passengers betv/ten pairs of English cities and across the English
channel.
and maintains its cushion from air blown
downward and inward around the per-
imeter of the vehicle. The purpose of
the curtain of air is to contain the
air cushion formed beneath the vehicle.
Experience has shown that peripheral
jet devices are capable of hovering sev-
eral feet higher than plenum vehicles of
the same size, especially when flexible
skirts are hung from both the outer and
inner edges of the peripheral opening.
Hy using flexible skirts of length equal
to the normal hover height, clearance
can be doubled or, for a specified clear-
ance, power requirements can be halved.
Peripheral jet (lEMs are also more
suitable for high speed flight since the
fast moving air in the curtain is more
difficult to blow away than the almost
stationary mass of air in the plenum
cliamber.
(3) The water curtain GEM theor-
etically has a startling advantage over
air curtain devices. Designed to operate
only over water, it has a pumping sys-
tem that projects into the water and de-
livers water to the periphery to replace
the curtain. Since its water curtain is
more dense than an air curtain, air
pressure does not leak away as rapidly,
and cushion power can be drastically re-
duced. However, this idea has proven
impractical for several reasons: The
weight of the water carried along is too
great; the drag of the pumping system
inlet, which projects into the water,
seriously limits forward speeds; and too
many power systems are involved, one
for cushion air, one for water, and one
for propulsion.
(4) The recirculation system is an
attempt to improve the peripheral jet.
The process of expelling air around the
periphery of a vehicle is somewhat in-
efficient since the energy in this air is
lost once it leaves the underside of the
\ehicle. Recovery of this energy through
recirculation results in significant im-
provement in efficiency. This system has
two more distinct advantages. First,
since the air being reused is already mov-
ing at the speed of the vehicle, there is
no momentum drag, which results when
a vehicle must use part of its propelling
power to impart forward velocity to
the stationary ingested air. Second, ob-
jectionable clouds of dust and water
spray are eliminated by having air enter
the bottom instead of the top of the
machine.
(5) The labyrinth seal concept con-
serves cushion power by reenergizing
the cushion air through a series of in-
ternal passages before it escapes. Models
have shown that the power saving can
be as much as forty per cent for a three
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stajji' labyrinth, but tlu' nieclianical (."om-
plexity of this scheme, plus its high prob-
able maintenance cost ha\e dissuaded
builders thus tar.
(6) The ram wing concept is merely
an airfoil section with enil plates. The
\ehicle achieves d\iiamic lift as air piles
up under the wing between the end
plates. Since the ram wing has no ho\er-
ing capacity, it will have to be combined
with another lift system for smooth
transition into and out of its type nf
ground effect flight.
(7) The difi'user s\stem is similar to
the ram wing in that it relies on forward
\ elocit\' to pro\iile the working air. Tlie
aerodynamic principle utilized by the
(I iff user system is that air gains pres-
sure as it loses velocity. The air of the
atmosphere, moving at high speed in
relation to the vehicle, passes into the
space bounded by the bottom of the
\ehicle, the ground, and side jets, which
ser\e to channel and contain the oncom-
ing air. The air then expands into the
larger internal cavity, but since air is
continually being forced into the cavity,
some of the air must leave through the
smaller opening at the rear of the ve-
hicle. This opening serves as a bottle
neck and the residt is that the original
high velocity air is considerably slowed
as it passes beneath the machine. In this
way the oncoming air gains sufHcient
pressure to support the vehicle.
(8) The levapad is a lift system quite
different from those discussed previously.
It is used on vehicles called le\acars,
that ride on a pair of smooth, square
tracks, yet separated from the tracks by
air under very high pressure. The air
film, which is only a few thousandths of
an inch thick, lifts the vehicle and lubri-
cates the tracks. Vehicles of this t\pe
would travel at speeds between two
hvnidred and five hundred miles per
hour.
Coiitrol Systems
(iroinul effect machines in general
have unique advantages and disadvan-
tages when compared to present types of
transpoitatioii. .Since the\ have no con-
tact with the groimd they can travel
over ;uiy level suiface—land, water, ice,
snow, mud, marsh, and sand. But the
fact that there is no ground friction is
the cause of the vehicle's two major
liroblem.s—control in cross winds and
control over sloping surfaces.
Since Gl'.Ms can be so easily blown
about, they will never replace the auto-
mobile for downtown shopping; a gentle
bree/e during rush hour would create
havoc. However, over depressible sur-
faces such as water, there is some keel
effect which would aid stability in cross
winds.
Riding in a (IK.M is like sitting on a
board separated from a huge piece of
gla.ss by a layer of marbles, and control-
ing a CjEM in rolling terrain is like
controling a saucer sliding dov/n an
icy hill. Nevertheless, the solution to
this problem is simple, operate only on
verv level surfaces such as rivers and
lakes, or on special ground effect high-
ways, which could be no more than a
grass covered, concave ditch similar to a
shallow bobsled run.
Numerous ideas have been suggested
for controling GEMs. The following
are a few of these: (1) venting the air
chamber to provide thrust opposite to
the direction traveled; (2) deflection of
the air curtain; (.^) tilting the machine
by increasing lift on one side so that the
\ehicle slides down the distorted air
cushion; (4) using an external engine,
which can be pivoted, or, if two are
used, can provide variable thrust; and
( 5 ) using air rudders for high speeds.
At low speeds tilting the machine is the
simplest and most practical method. At
high speeds either air rudders or sep-
arate engines can be used.
Ground Effect Machines Abroad
The great versatility of this new
type of transportation, has aroused in-
terest around the world. Britain, the
United States, Russia, Sweden, the
( Criiiliniit d on \ixt Page)
(1) Plenum chamber
(2) Peripheral jet
(3) Water curtain
(5) Labyrinth seal
6) Ram wing
Figure 2. The Hydrosl<immer, an experimental GEM built for the Navy, will
be tested on Lake Erie this May. (8) Levapad
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Netherlands, France, Italy, and Switzer-
land are all conducting research on
GEMs. The Russians are reported to be
making a dozen of these vehicles. Six
will be used on the Caspian Sea, and
six will go to the great rivers of Siberia.
Although the United States is abreast
of, if not in some ways ahead of,
researchers elsewhere, Britain is at least
a year ahead of everyone else in actual
operation of ground effect machines.
Last summer the British ran a ferr\'
service across the Dee estuary in Wales,
carrying twenty-four passengers on each
thirty minute run from Rhyl to Walla-
sey—a trip which takes two and a half
hours by rail or highway. The Britisii
also take credit for the most advanced
GEM built so far, the Saunders-Roe
SRN 2, a twenty-seven ton vehicle now
undergoing trials. This hovercraft, as
they are called in Britain, is designed to
carry sixty-six passengers over a normal
range of two hiuidred miles, cruising
at seventy knots. It will be used for
ferries from the southern coast of Eng-
land to the Isle of Wight, from Weston
to Cardiff on the Bristol Channel, and
from the cliffs of Dover to Calais on
the French coast.
GEMS in The United States
The feasibility of ground effect fer-
ries will be tested in the United States
at the 1964 World's Fair in New York.
A hoverboat excursion will show visitors
the New York Bay area.
This May, Bell Aerosystems Com-
pany will test its twenty-five ton Hydro-
skimmer on Lake Erie. The sixty-five
foot long vehicle will carry a two man
crew with a five ton payload two feet
above land or water at a speed of seventy
knots. The Navy, for whom the vehicle
is being bviilt, will use it to conduct re-
search on militarv applications for
GEMs.
A much more advanced vehicle is
being built for the U. S. Maritime Ad-
ministration. This two hundred ton
GEM, designed for open sea use will
have cruising speeds of about one hun-
dred and forty knots and hover heights
up to four feet. If the MarAd vehicle is
Figure 3. Ford's aerolus, a two hundred passenger levacar, could transport
passengers between cities at speeds between two hundred and five
hundred miles per hour.
successful, the wa\' will be clear for the
optimmn one thousand ton super (lEM
which could be used for rapid transport
of cargoes and passengers around the
world.
GEMs in The Future
The trend, however, is not just to-
ward bigger and bigger GElVIs; indeed,
these machines can be used for every-
thing from exploring the arctic to open-
ing such previously unnavigable rivers as
the Congo and the Amazon.
On inland waterways the GEM is
ideal. It can carry heavy loads at re-
markable speeds in any weather and
no matter what the conditions of the
river. Neither ice nor rapids nor subsur-
face snags or sand bars can slow such a
vehicle. For both ocean going and river
going (jEMs, harbor facilities are not
needed ; the vehicles can drive up on the
land before stopping.
Transportation between centers of
heavih" populated areas can be remark-
ably speeded by use of levacars. Fig. 1
shows a scale model of Ford Motor
Figure 4. Ground effect sub-hunters operating from transports could patrol
vast areas of ocean and could not be damaged by torpedos.
Company's Aerolus, named foi' the
Greek god of the winds. This two hun-
dred passenger levacar eliminates the
need for transportation between city and
airport, which is frequently a time con-
suming part of an air trip. The ninety-
two mile rail trip from the center of
New York city to downtown Philadel-
phia would take half an hour. The leva
car is also inherently safe ; even in the
event of total engine failure, the ve-
hicle would slide to a comfortable stop.
Because of considerable interest in leva-
cars shown by some of America's leading
railroads, preliminary design studies
have been made for a levatrain, com-
posed of one hundred passenger leva-
cars linked with fifty passenger propul-
sion units on the front and rear.
Ground effect machines would also
make excellent emergency vehicles. In
flooded regions GEMs would operate on
the surface but would not be affected by
raging, turbulent water. Fires could be
qLiickly and safely brought under con-
trol, and GEMs could be used on rescue
missions to areas impassable to other
surface vehicles.
The military is considering using the
ground effect machine for such tasks as
transport landing, high speed patrol
work, antisubmarine warfare, and mine
counter-measures. The advantage for
using GElVIs on these missions is obvi-
ous; a torpedo can hardly sink an object
not in the water.
These examples illustrate only a few
of the uses to which GEMs may be put
in the future.
Although few GEMs are in opera-
tion now, their future certainly looks
promising, for if anything can get trans-
portation out of its rut, the ground ef-
fect machine can.
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FROM THE LAUNCHING TO THE TARGET, EVERY
MAJOR U. S. MISSILE DEPENDS UPON SYSTEMS,
SUBSYSTEMS OR COMPONENTS DESIGNED,
DEVELOPED OR PRODUCED BY BENDIX TALENTS
FOUR OF THE US. SPACE DETECTIVES THAT SPOT,
SHADOW AND REPORT ON EVERY MAN LAUNCHED
OBJECT IN OUTER SPACE DEPEND ON EQUIPMENT
OR TECHNICIANS, OR BOTH, SUPPLIED BY BENDIX
AT TAKEOFF, IN THE AIR. ON LANDING .
. . WHENEVER
MAN FLIES, ITS LIKELY BENDIX EQUIPMENT MAKES
HIS TRIP SMOOTHER, SAFER. BENDIX HAS LOGGED
MORE FLIGHT TIME THAN ANY NAME IN AVIATION
EVERY TIME YOU BRAKE YOUR CAR. CHANCES ARE
YOU DEPEND UPON BENDIX. SINCE 1924 BENDIX
HAS DESIGNED AND BUILT MORE BRAKES FOR MORE
DIFFERENT VEHICLES THAN ANY OTHER PRODUCER
TODAY. AUTOMATED TAPE CONTROLLED MANUFAC-
TURING AS DEVELOPED BY BENDIX HELPS TURN
BLUEPRINTS INTO FINISHED PRODUCTS. GETS PROTO-
TYPES INTO PRODUCTION FOUR TIMES FASTER
IN THE CONQUEST OF THE UNKNOWN. BENDIX
RESEARCH AND DEVELOPMENT IS EXTENDING
MANS ABILITY TO COMMUNICATE THROUGH THE
OCEAN DEPTHS AS READILY AS THROUGH SPACE
WHEN SPACE TRAVEL BECOMES A REALITY. PILOTS
WILL RELY ON DEVICES CONCEIVED AND DEVELOPED
BY BENDIX TO NAVIGATE, GUIDE AND STABILIZE
THEIR SHIPS. AND RETURN THEM SAFELY TO EARTH
CREATIVE ENGINEERING . . . Q.U.
The variety of challenges The Bendix
Corporation offers the college gradu-
ate is practically unlimited. Bendix
participates in almost every phase of
the space, missile, aviation, elec-
tronics, automotive, oceanics and
automation fields. We employ top-
notch engineers, physicists, and
mathematicians for advanced prod-
uct development to further Bendix
leadership in these fields.
Bendix operates 32 divisions and
subsidiaries in the United States,
and 12 subsidiaries and affiliates in
Canada and overseas. Our 1950
sales volume was $210 million. Last
year it was over $750 million.
Look over the materials we have in
your school's placement office. Talk
to our representative when he's on
campus. If you'd like a copy of our
booklet "Build Your Career to Suit
Your Talents," write Dr. A. C.
Canfield, Director of University and
Scientific Relations, The Bendix Cor-
poration, Fisher Building, Detroit 2,
Mich. An equal opportunity employer.
WHERE IDEAS
UNLOCK
THE FUTURE
C « P R « T
FISHER BUILDING, DETROIT 2, MICH
THERE ARE BENDIX DIVISIONS IN: CALIFORNIA, MISSOURI, IOWA, OHIO, INDIANA. MICHIGAN, PENNSYLVANIA, NEW YORK, NEW JERSEY, MARYLAND.
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U. of I. HIGHWAY SAFETY CENTER
By Kaliopee Malagaris
What will yoii be doing in 1980?
Working? Studying? Vacationing? . . .
Or perhaps resting quietly in a six-foot
grave? The latter may very well be true
since approximately 7(1, .'iOO persons are
destined to die on U. S. highways by
that time.
In August of 1961, a Traffic Safety
Center was organized in the University
of Illinois Engineering College to take
positive steps in decreasing this slaughter
on our highways. Today the Center co-
ordinates independent highway safety re-
search programs on campus.
In the words of Dr. Baerwald, who
directs the traffic engineering group in
the Department of Civil Engineering,
"The Center's purpose is not to detract,
but to add to and coordinate the inde-
pendent traffic safety studies being con-
ducted on campus. Efforts become more
centralized, and groups interested in
having research done can do so more
efficiently and effectively by contacting
only one center." According to Dr.
Baerwald. the Center has four majoi
activities: Formal education, extension
education, information services, and re-
search.
Formal Education
In formal education, tile Center is
evaluating current courses being offered
by the University to determine which
contribute most to traffic safety. Such
fields as traffic administration, driver ed-
ucation, highway engineering, traffic en-
gineering and police administration are
being investigated. Many of the Cen-
ter's personnel feel that psychology,
criminology, economics and sociology
should become a standard part of the
curncidum.
Extension Education
Extension coin'ses are being taught
throughout the state, ami additional
courses are being planned for public
officials, judges, lawyers, engineers, po-
lice officers, educators, motor vehicle ad-
ministrators, driver's license examiners,
planners, safety leaders and private citi-
zens who are already working in the
highwav field.
Information Services
The Center maintains an informa-
tional service and publishes educational
material on traffic safety. Anyone having
a problem concerning traffic safety can
contact the Center's informational ser\-
ice where it will be answered or else
referred to another more qualified
source.
Research
Research is perhaps the most import-
,int aspect of the Center. Typical of the
many research activities is a pilot study
of motor vehicle titling practices and
procedures which was recently conduct-
ed. Dr. Baerwald and Keith Stonecipher
of the Civil Engineering Department
headed the study which was designed to
determine the current and potential
benefits of motor vehicle registration and
titling information.
Eight himdred questionnaires relating
to the value of various types of informa-
tion were sent to states' attorneys, chiefs
of police, county sheriff's, highway and
traffic engineers, planning agencies, state
and national banks, loan companies, mo-
tor vehicle dealers, insurance agencies,
highway and traffic safety agencies and
special groups. The questionnaire includ-
ed statements such as the owner's name,
the number of miles the vehicle was
driven during the previous year, the
body style, the year model, the type of
fuel used, whether or not the vehicle
operates as an interstate carrier, the
number of axles the car has, the name
of the dealer, etc. By finding out what
uniform information these agencies need,
the following can be determined : nation-
al, state and regional trends and statis-
tics; the transfer of information between
states and the use of various agencies
within the state.
The 12 items considered most \alii-
able by the agencies were the owner's
name, street address, city or town, coun-
ty or township, name of the vehicle,
make of the trailer, the body style, fac-
tory or serial number, information relat-
ing to license plate suspensions or revo-
cations, information indicating if the ve-
hicle operates as an interstate carrier.
Other requested information included
the color of the vehicle, vehicle insur-
ance records, the exact model of the car
and information on all lien holders.
When all the data has been complete-
Figure 1. The speed, volume and lateral placement of vehicles traveling
along this street on the University of lihnois campus are being recorded as
part of a research project on traffic streom characteristics.
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ly aiiah/i-il, tin- type of information and
form in which it is or would be of most
value will be decided. Project persoiuiel
will then work with Illinois motor ve-
hicle registration and titling officers and
personnel of the American Association ot
Motor Vehicle Adnu'iiist ration to de-
termine what data is currently available,
and what additional data is needed.
In another project researchers in the
College of Law. under the direction of
Dr. Charles H. Bowman, are surveying
state laws and federal statutes regarding
motor vehicle operations where a road
and railroad cross on the same level.
Statutes for sound warning devices, vis-
ual warning devices, automatic devices,
billboards, flagmen, speeds at crossings,
advance warning signs, marked pave-
ments, wires over crossings and stops at
crossings are being checked against each
other.
Data on all states has been gathered,
and the best statutes are being compiled.
The compilation will be sent to the Na-
tional Committee on L nifonii Traffic
Laws under the auspices of the National
Safety Council where it will be checked.
If found acceptable, it will be mailed to
highway departments in all states as the
recommended uniform statutes.
Student Research
Another area under study is the status
of traffic accident reporting. John Glen-
non. a senior in civil engineering, is de-
termining if there are any differences
between the statistics of Champaign
County's local police traffic divisions and
the State Bureau of Traffic's statistics
for Champaign County.
Although still in the preliminary stage
of the project, already he is finding dis-
crepancies. "One possible reason for the
differences in the bureaus' traffic fig-
ures, " Glennon says, "may be that the
local jurisdictions get the property dam-
age accident report from the policemen
whereas the state requires the accident
to be reported by the dri\er himself."
".Another discrepancy nia\' be that the
state requires reporting all property
damage in excess of SIOO. Local agencies
want all property damage reported.
"Definition of terms may be another
problem. On the local level a personal
injury accident is one in which some-
one requires first aid. If no first aid is
administered, the accident is called a
property damage accident. However, if
in the driver's accident report to the
state, he says he developed a headache
from the accident, the state classifies
the mishap as a personal injur>'.
"There are times," he continued,
"when an accident occurs on a rural
road. Those involved might not report
the accident to the local police, but feel
an obligation to notify the state. A pos-
sible remedy may be to include a blank
on the state report asking if a local
police report was made and bv whom."
For the years 1939. I960,' and 1961,
Figure 2. Dr. John E. Baerwald explains the interrelationships between the
traffic signal indicators visible to the driver at an intersections and the set-
tings and adjustments that must be made in a traffic signal controller for
the intersection.
Cjlennon has also foiuid a difference in
the total number of deaths listed by
Champaign County and by the state for
Champaign County. "There may be at
least two possible reasons for this,'
Glennon remarked. "One may be that
deaths were reported by local jurisdic-
tions within what they believed to be
the count) line. Another reason is if a
death occurs on private property, it is
considered a non-traffic death by the
state. For example, if a child is playing
in a private driveway and is hit by a
car backing out of the garage.
"The differences in the local and state
figures must be eliminated for a more
accurate picture of the state's traffic
problems. .Accurac\- will help for a bet-
ter planned highway safety program and
will channel state funds into the areas
most needing improvement."
Other Activities
Among its many activities, the Cen-
ter is also negotiating with a national
organization for the physically handi-
capped to investigate the laws for licens-
ing specially handicapped persons and
to study the driving records of these
persons. Also it is developing equipment
that will measure the dynamic visual
characteristics of the driver, that is, de-
velop instruments which will measure
"quick decision type visual tests."
Center's Historical Background
In 1955 as part of Senate Bill 777
which established an Illinois Division of
Traffic Safety in the Illinois Depart-
ment of Public Safety, the L'niversity of
Illinois was named as a source of pos-
sible assistance for traffic safet\ educa-
tional and research programs.
A Committee on the Utilization of
L niversity Resources for Traffic Safety
was established in 1958 and was re-
quested to make recommendations. A
survey by the committee revealed that
20 departments within the University
were already participating in or were
interested in participating in additional
aspects of the traffic safety program.
Those showing interest in the idea
were : College of Agriculture (exten-
sion). College of Law, Departments of
Architecture, City Planning and Land-
scape Architecture, Civil Engineering,
Health and Safety Fducation, Market-
ing, Mathematics (statistics). Mechani-
cal Engineering, Psychology, Public
Health, Raiiiolog\, Sociolog), Division
of University Extension, Office of the
Safety Coordinator, Physical Plant De-
partment, Small Homes Council, L'ni-
\ersitv High School, I'niversitv Press
and WILL-TV.
Twenty-three state and national or-
ganizations were asked for their view
on the establishment of the Center.
P'rom the .American .Automobile .Associ-
ation in Washington. D.C., came this
reply
:
"From the national point of view
there is no question that there is great
need for a tremendous step-up in re-
search relating to traffic and .safety. . . .
Today, only a small fraction of one per
cent of the mone\ .spent on roads is de-
voted to research. In contrast, in most
(C.ontiiiiiid nil Page 38-, Col. 1
)
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of the
UNIVERSITY of ILLINOIS
Illinois Junior Academy of Science State Fair
Central Division of the 1 1th Annual JETS Engineering
Exposition and Conference
Veterinary Medicine Open House
Engineering Open House
Free bus service of entire campus for all visitors
Individually guided tours available upon request for all
visiting groups
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or write
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425 GARNER MRH
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/
"What responsibilities will you start with at W. E.?"
Exciting ones. With plenty of room for your profes-
sional development. Western Electric's business
depends on new ideas. And new engineers take re-
sponsible, immediate part in projects that implement
the entire art of telephony— including electronic tele-
phone offices, computer-controlled production tech-
niques and microwave transmission. On many of these
exciting advances in communications, Western's en-
gineers work closely with engineers from our research
team-mate, Bell Telephone Laboratories. For Western
Electric to maintain the Bell System's ultra-high qual-
ity standards, extraordinary manufacturing, process
and testing techniques are required. Opportunities
for fast-moving careers exist now for electrical, me-
chanical and industrial engineers, and also for physi-
cal science, liberal arts and business majors.
For more detdiled ir.t': ["ni,i;i:'i, gri \k:l.- ^Loy of the
Western Electric career opportunities booklet from your
Placement Officer. Or write College Relations Coordi-
nator, Western Electric Company, Room 6305, 222
Broadway, New York 38, New York. And be sure to
arrange for a personal interview when the Bell System
recruiting team comes to visit your campus this year-
or during your senior year.
yy^CStCftt Electric manufacturing and supply unit of the bell syste\-
An equal opportunity employer
Principal manufacturing locations in 13 cities Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research
".anter, Princeton, New Jersey • Teletype Corporation. Skokie. Illinois; Little Rock, Arkansas • General headquarters. 195 Broadway, New York 7, New York
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System contractor-
250,000 rpm/-452°F
Miniature turboexpander permits major breakthrough
in crj/offenics .. .Temperatures ranging from — 200°F to
—452°F are achieved by converting gases such as helium
and nitrogen into a liquid state.
Wiicn cryogenic liquids circulate over an object, the
moving molecules within come virtually to a stop. This
abnormal condition makes some metals superconductive and
extraordinarily sensitive to any form of electrical energy.
Military and commercial applications include increas-
ing the effectiveness of ground and airborne detection, navi-
gation and communication systems, shrinking the size of
computers and solving specialized space cooling problems.
A leader in cryogenic cooling and lightweight lurlio-
machinery, Garrett-AiResearch is now developing a closed
cycle cryogenic system to compress and then expand (boil
off) the low temperature gas into its supercold liquid state.
The tiny turbines within the system run on air bearings
and eliminate all rubbing surfaces. Much greater system
reliability and long life is the residt ... another major ad-
vance by Carretl in the exciting new science of cryogenics.
For information about other interesting projects and the
many career op|)ortunilies with The Garrett Cori)oration,
wrile to Mr. G. D. Uraiiley in Los Angeles.
Garrett is an "equal opportunity" employer.
THE GARRETT CORPORATION • AiResearcti tVlanufacturing Divisions • Los Angeles 9,
California • Phoenix, Arizona • other divisions and subsidiaries: Airsupply-Aero Engineer-
ing • AiResearch Aviation Service • Garrett Supply • Air Cruisers • AiResearch Industrial
• Garrett Manufacturing Limited • Garrett International S. A. • Garrett (Japan) Limited
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AT PRATT & WHITNEY AIRCRAFT.
YOUR EYES CAN BE THE STAI
SPECIALISTS IN POWER ... POWER FOR PROPULSION-POWER FOR AUXILIARY SYSTtiViJ.
CURRENT UTILIZATIONS INCLUDE AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICAT
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BUT YOUR FEET MUST BE ON THE GROUND
The glamour and excitement of space age programs often obscure a fundamental fact. It is simply
that farsightedness must be coupled with sound, practical, down-to-earth engineering if goals are
to be attained. This is the philosophy upon which Pratt & Whitney Aircraft's position as a world
leader in flight propulsion systems has been built.
Almost four decades of solid engineering achievement at Pratt & Whitney Aircraft can be credited
to management's conviction that basic and applied research is essential to healthy progress. In
addition to concentrated research and de\elopment efforts on advanced gas turbine and rocket
engines, new and exciting effects are being explored in every field of aerospace, marine and industrial
power application.
The challenge of the future is indicated by current programs. Presently Pratt & Whitney Aircraft
is exploring the areas of technical knowledge in magnetohydrodynamks . . . thermionic and i/iermo-
electric conversions . . . hypersonic propulsion . . .fuel cells and nuclear power.
If \ou have interests in common with us, if you look to the future but desire to take a down-to-earth
approach to get there, in\estigate career opportunities at Pratt & Whitney Aircraft.
To help move tomorrow closer to today, we continually seek ambitious young engineers and scientists. Your de-
gree' It can be a B.S., MS or Ph.D. in: MECHANICAL . AERONAUTICAL . ELECTRICAL . CHEMICAL and
NUCLEAR ENGINEERING • PHYSICS . CHEMISTRY . METALLURGY . CERAMICS . MATHEMATICS . ENGI-
NEERING SCIENCE or APPLIED MECHANICS. The field still broadens. The challenge grows greater. And a future of
recognition and advancement may be here for you.
For further mformation regardmg an engineering career at Pratt & Whitney Aircraft,
consult your college placement officer or write to Mr. William L. Stoner,
Engineering Department. Pratt & Whitney Aircraft. East Hartford 8. Connecticut.
Pratt &Whitney fiircraft -s-.^^ u
CONNECTICUT OPERATIONS EAST HARTFORD. CONNECTICUT
DIVISION OF UNITED AIRCRAFT CORP.
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA , - ,„ .._«_,An Equal Opportunity Employer
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Technocutie . .
MiM^ ^004^ BlaanUfe^
If you suddenly find painting, jazz,
interior design and horseback riding
appealing, it may be because these are
Joan's hobbies. However, if none of
these rings a bell, maybe you'll develop
an in;erest in Dolphin Candidates or
lllio Beauty Finalists (as if you don't al-
ready have an interest) when you dis-
cover that she has graced both with her
charms. Joan has also served on the
Model U. N. and. Homecoming badge
committees and is a bit puzzled as to
why she hasn't met more Engineers dur-
ing her busy days on campus.
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The sky is not your limit
You're looking at an historic first — a 238,857 mile lunar
bull's-eye scored by a team of scientists from Raytheon and
the Massachusetts Institute of Technology, using a powerful
new Raytheon-developed laser light beam. This success typifies
the far-ranging variety of advanced projects challenging young
engineers and scientists at Raytheon today.
For EE's, math and physics majors— in all the varied
fields of engineering and science — Raytheon offers unlimited
opportunity for growth and continuous advancement.
Personal career development is encouraged by a wide
variety of educational assistance . . . seminars, special courses
to meet individual needs and work-study programs leading to
advanced degrees from renowned universities are all available.
You may well qualify for one of the exciting, career-
building projects underway at Raytheon. Originality, imagina-
tion and high technical competence are your tools— the
rewards are prompt and appropriate for success.
For detailed information, arrange an on-campus inter-
view through your placement director or write G. W. Lewis,
Manager of College Relations, Raytheon Company, Executive
Offices, Lexington 73, Mass. An Equal Opportunty Employer.
Raytheon offers opportunities for BS, MS and
Ph.D. levels in • Solid State • Microwave Electronics
• Infrared • Lasers • Communication & Data Processing
• Radar • Missile Systems • Sonar • Electron Tube Technology
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EARTH'S LAST FRONTIER
By Wayne Crouch
Man has prubed all the continents,
and now space explorations are no longer
infantile. But in spite of his earthly in-
quiries and rapid advances in space tech-
nology, his efforts to explore the depths
of the sea have been only meager.
Exciting science fiction tales have long
pictured vehicles capable of escorting
man to a new world beneath the sea.
Today, however, these adventurous
stories are no longer restricted to the
world of fantasy. Figure 1 is a photo-
graph of the "Diving Saucer," a deep
sea research capsule that has operated
successfully in over 65 scientific explora-
tions. This particular capsule operates at
depths up to lOOO feet and can stay sub-
merged for four hours.
The significance of this operational
model, however, is not in what it has
done but rather in its more advanced
contribution as a forerunner. Its suc-
cessor, the "Deepstar," pictured in Fig-
ure 2, will be a three-man, self-propelled
\ehicle capable of operating to a depth
of 12,(11)0 feet. Equipped with remoteh'
controlled mechanical arms for collect-
ing samples and for lighting, the vehicle
looks like a fiction writer's dream.
Deepstar
The Deejistai' project is being con-
ducted in cooperation with its designer.
Captain Jacques-Yves Cousteau, world
famous French undersea pioneer and de-
veloper of the Aqua-Liuig. The ordi-
nance Division of the Westinghouse De-
fense Center, Baltimore, Maryland, will
build the vehicle as Westinghouse's own
laboratory facility to test oceaiiographic
instrumentation, develop new detection
techniques, and generallv study the ma-
rine environment. They will also lease
the Deepstar to organizations which
need such a special-purpose vehicle for
deep sea research and will build similar
vehicles for sale or lease on a full-time
basis.
The demands for such a vehicle are
great. The acceleration of scientific in-
vestigation alone makes it inconceivable
that man will not exploie the sea. If for
no other reason, military pressures will
force this exploration. As populations
grow, there will also be pressures for
ocean exploration for the recovery of
minerals (such as petroleum and manga-
nese) and marine life for food. Nearly
three-quarters of the earth's surface lies
beneath the sea. Unless man can make
first-hand observations of this planet's
hidden geographical features, he shall
ne\ er be able to make more than a token
attempt to gain the benefits that are
surely there.
The seven ton Deepstar will for the
first time enable scientists to move about
safely and freely at a depth of more
than two miles. At this depth the pres-
sure is approximately three tons per
square inch. To withstand this pressure
the nearly spherical six-foot diameter
hull will be made of high grade steel
about 1 '4 inches thick.
The crew of the vehicle will consist
of an observer and a pilot (who will be
Figure 1. The "Diving Saucer," an undersea exploratio n vehicle, is capable of operating at a depth of 1 000 feet
and is the forerunner of the more advanced "Deepstar." (Photo courtesy of National Geographic Magazine
and Westinghouse College Editorial Service.)
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Figure 2. The "Deepstar," a three-ma
capable of doing useful work at a de
motely controlled arms for collecting
is designed to provide optimum m
search work. (Photo courtesy of West
n, self-propelled deep sea vehicle, is
pth of 1 2,000 feet. Equipped with re-
samples and for lighting, the vehicle
anuverability and versitility for re-
inghouse College Editorial Service.)
in a prDiK' positioji ) and a co-pilot. 1 lu'
seat in which the co-pilot will operate
will be designed to tilt over a range ot
90 degrees tor the dive.
To make the most of the 24-hour
maximum allowable time beneath the
surface, the craft will descend and rise
in a vertical attitude. Its speed both ver-
tical! \' and across the ocean floor will
be approximately 3j'2 miles per hour.
Propulsion will be provided by two
shattless propellers which are integral
parts of special battery-powered electric
motors. Varying the speed of either pro-
peller motor will enable the craft to
turn sharply.
In operation, the Deepstar will be
neutrally buoyant. Changes in its atti-
tude will be accomplished by means of
pumping mercury from one tank to an-
other. Pumping the mercury into a tor-
ward tank will cause the vehicle to dive.
Reversing the process will point the nose
upward. In case of emergency the pilot
can ascend rapidly by releasing weights
or equipment to give buoyancy.
The submerged range of the vehicle
will be about 20 nautical miles. In oper-
ation, it will be handled by a "mother
ship" that will take it to the point of
departure for its di\'e.
Although the shell and other parts
of the \ehicle are b"ing produced in hu-
rope, the final assemb!\ will take place
in the L nited States, and if all goes as
pl.Timed, the Deepstar will be operation-
al in the last quarter of 1963.
Future Projections
Although the Deepstar is certainly a
remarkable step forward, man will still
be limiteil to a short 24-hour stay. More
imaginative fiction writers have soKed
this problem by putting man in his own
underwater "city." Again scientists and
engineers are taking these ideas from the
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realm of fiction. Figure 3 shows an ar-
tist's sketch of how scientists now be-
Iie\e man will soon explore the ocean's
floor and tap its vast supply of resources.
The heart of such an operation will
be the power plant. The device to the
left in the photo is a portrayal of an
undersea nuclear reactor that is in its
preliminary design stage at the West-
inghouse Astronuclear Laboratory. 1 his
unique power plant will liave no moving
parts and will be able to produce 3000
kilowatts of electricity for life support-
ing and operational activities in an un-
dersea community. To indicate the size
of the proposed power plant, its capacity
will be sufficient to handle the normal
residential needs of ()()(>( ) persons.
The successful operation of the power
plant depends upon the thermoelectric
phenomenon of the thermocouple, where-
by current Hows in a closed circiut com-
posed of dissimilar metals when the
junctions of the metals are at different
temperatures. Thus, with one junction,
of the thermocouple in the core of the
reactor and the other at some distance
away, the temperature difference would
create a sufficient electric current.
Studies indicate that the reactor could
operate on an imattended basis and at
full power for 18 months and at re-
duced power levels for at least six addi-
tional months. This indeed seems to be
the answer to the biggest problem of an
undersea community
W^ith a little forethought it can be
seen that extensive undersea explor.ition
is just in its infancy and will probably
flourish in the years to come. The Deep-
star and the undersea reactor are only
two of many items needed for extensive
undersea exploration, but they are the
begiiuiing.
Figure 3. This artist's sketch shows how man could explore "inner space"
and tap the vast natural resources on the ocean floor through the
use of an advanced power generation system unveiled recently. Heart of
the system is an undersea nuclear reactor (left) capable of producing 3000
kilowatts of electricity for life support and operational activities in a two-
mile deep undersea community. (Photo courtesy of Westinghouse College
Editorial Service.)
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Reasons for building a career at Collins:
IN MICROWAYE/CARRIER
1. You'll be helping to design the finest equipment
built. 2. You'll have the oppottunity of working on
both military and commercial projects— such as
high density multiplex, high speed data communica-
tions, integrated communication systems, telemetry
and remote control, and transportable systems. And
you'll stay right with a project until completion.
3. You'll be with one of the nation's leading growth
companies with plants in the locations listed at right
and facilities throughout the world. Contact your
placement ofSce, or write to the Collins engineering
center nearest you.
Collinshas openingsforM.E.'s,
WHY
DOW?
Opportunity, in a word.
Chemist or engineer, administrator
or scientist of many disciplines, recent
graduate or veteran resuming your
career— .)/oi/ can find opportunity at
Dow and you are expected to seek it out.
Opportunity at Dow is for tho.se
who create, produce and sell our
products, which are: industrial chemi-
cals, plastics, metals, agricultural
chemicals, textile fibers, and a growing
family of consumer items. We manu-
facture and sell in 27 locations here, 2.8
abroad, plus subsidiary and associated
companies. It follows, Dow needs
many good people of varying back-
grounds. The only limitations are in
the people themselves. Promotions are
made from within.
Opportunity at Dow is research, go-
ing on continually in 50 separate
laboratories. Fields include basic re-
.search, process development and appli-
cation research. Present laboratories
and plants are being expanded, new
ones planned and built. Sales have
increased 8 times since World War II.
Many of our more than 700 products
didn't even exist then.
If you'd like detailed information
about employment opportunities at
Dow, see your Placement Director, or
write the Technical Employment
Manager at any of the locations listed
below.
California — Pittsburg • Colorado— Rocky
Flats • Illinois—Madison • Indiana — Pitman-
Moore Division, Indianapolis • Louisiana—
Plaquemine • Massachusetts—Framingham
• Michigan—Midland • Ohio—Dobeckmun
Company, Cleveland; Dow Industrial Service,
Cleveland • Oklahoma— Dowell, Tulsa •
Texas— Frerport • Virginia— Williamsburg.
THE DOW CHEMICAL COMPANY
Midland, Michigan
An Equal Opportunity Employer
DOVNT
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NEWS and VIEWS
at the
University of Illinois
Music and Monotony
Music, indeed, hath charms. Poets
have long told us so. Xow a University
of Ilh'nois engineer is studying how those
charms can be put to work. Stephan
Konz, instructor in the Department of
Mechanical and Industrial Engineering,
is studying the effect of background
music on human productivity.
Background music is commonly used
in American industry, but the amovuit of
unbiased, impartial, experimental data
available on the subject is meager. In
the U. of I. study, two different mo-
notonous tasks were investigated with
and without background music to see if
distinct differences in time consumed
and error rate could be found. The two
tasks, one "mental" and the other "man-
ual," were performed by a group of col-
lege freshmen.
Men and women were equally affect-
ed by the background music. The differ-
ence in output between the group with
background music and the group with-
out it was highly significant. The aver-
age improvement during the period when
music was played was 17 per cent for
the manual task and 18 per cent for the
mental task. The error rate (collected
only for the mental task) was neither
increased nor decreased by the music.
Detailed results of this study, done in
cooperation with Professor Josef Cohen
of the U. of I. Psychology Department,
was given by Mr. Konz in a paper in
New York City in November at the
Annual Convention of the Human Fac-
tors Society. Further details on this
study are available from Mr. Konz, 228
Mechanical Engineering Building, Uni-
versity of Illinois, Urbana. (Reprinted
from Eru/ineering Outlook)
Electronics for People Not in
Electronics
Most chemists, physicists, biologists,
and engineers are not electronic experts.
This is no more surprising than the fact
that most electronics engineers are not
experts in chemistry, physics, biology, or
in other fields of engineering, but it does
cause more problems. Everyone uses
'black boxes," those mysterious testing
and recording devices essential to most
research, but very few know what to do
when these electronic instruments fail
to function. Two chemists working at
the University of Illinois have found a
solution to this problem.
Professor H. V. Malmstadt, a chem-
ist who worked with radar during the
war, had the original idea and started
working on the problem more than ten
years ago. In 1955 he was joined by an-
other U. of I. chemist. Professor C. G.
Enke, who in 1Q59 went to Princeton
but has continued to spend his summers
at the University of Illinois. They de-
veloped a course, equipment, and a book
on electronics for people not in elec-
tronics, and they tested them in a one-
semester course for U. of I. graduate
students aiici in three-week summer
courses for men from industry. The
course is an integrated system based on
laboratory work and presented from the
point of view of the user of electronic
instruments. Although it will not make
liim an expert in electronics, the student
learns basic rules and facts that will en-
able him to understand, set up, and serv-
ice his equipment. He also learns to
make alterations or modifications in his
black boxes to keep them up to date with
his research, as well as how to com-
municate with the electronics experts he
works with from time to time. The
book. Electronics for Scientists, by
Malmstadt and Enke, has just been pub-
lished by W. A. Benjamin, Inc., New
York. Electronic units for the course are
produced and sold by the Heath Com-
pany, makers of the "Heathkits" long
familiar to the electronic and radio
fields.
Further information on the over-ail
program or specific courses at the Uni-
versity of Illinois is a\ailable from Prof.
H. V. Malmstadt, 306 Noyes Labora-
tory, E^niversit\' of Illinois, LVbana.
Further information on instrumentation
may be obtained from the Heath Com-
pany, Benton Harbor, Michigan. (Re-
printed from Engineering Outlook)
Friction: A Tool for Welding
Friction is a paradox. While even an
engineer couldn't live without it, many
of his efforts are spent in trying to over-
come it. At the L^niversity of Illinois,
however, friction is being exploited. In
the Department of Mechanical and In-
dustrial Engineering the heat generated
by friction between two metal specimens
is being used to weld the specimens in a
bond as strong as any other weld cur-
rently in use.
While the phenomenon of friction is
not yet completely understood from a
scientific standpoint, the process of fric-
tion welding has been used on metals in
Russia and on plastics in the United
States for several years. Because of the
lack of research, however, its applica-
tion has been severely limited.
Friction welding studies at the Uni-
versity of Illinois are being conducted
by Mr. M. B. Singer in the Mechanical
Engineering Welding Laboratory. Tests
have been conducted primarily on low-
carbon steels, although a few other ma-
terials have been tested. The weld, pro-
duced b\' rotating one specimen while
pressing another specimen against it, oc-
curs in four stages: wear in, preheat,
constant heat, and upset. The wliole
process takes less than four seconds for
a J/-inch-diameter specimen, and can be
achieved using a modified lathe. Less
power is consumed by this system than
by arc or resistance welding, and no
special equipment is needed to weld
many dissimilar metals. Further, there
is no contamination from the heat source,
and studies of welding environments arc
feasible.
One of the current questions being
considered in this project concerns the
welding of malleable iron, \\hich loses
its malleabilit\ when subjected to high
temperatures for long periods of time.
Because of the short welding time the
problem of brittleness in malleable iron
welds may be overcome by this tech-
nique.
The basic properties of materials are
also being investigated for this process.
For instance, the transition temperature
of the base material is being established
and subsequent tests on transition tem-
peratines in the weld area will be con-
ducted. Once the principles behind this
welding process are more fully luider-
stood, the area of application may broad-
en considerably. In addition, knowledge
will be gained of the phenomena of fric-
tion, the generation of heat b\- friction,
and the deformation of materials. (Re-
printed from Engineering Outlook)
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An idea grows from one mind to another.
It may begin with nothing important. Just a word. Or a notion. But as each succeeding mind brings a fresh viewpoint, the idea begins
to grow and mature.
If you like working in an atmosphere that breeds ideas, you'll like working at Northrop. Stimulating minds and stimulating proj-
ects are all a part of the climate here. We have more than 70 active projects in work, and we're constantly evaluating new lines of
inquiry. Projects cover such fields as interplanetary navigation and astro-inertial guidance, aerospace deceleration and landing, man-
machine and life support systems for space, automatic checkout and failure prediction systems, laminar flow control techniques and
world-wide communications.
For more specific information, see your placement counselor. Or write to Dr. Alexander
Weir, Northrop Corporation, Beverly Hills, California, and mention your area of special interest.NORTHROP
AN EQUAL OPPORTUNITY EMPLOYER
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At
®
your search for knowledge never endi
At IBM, engineers and scientists are working on some of
the most-advanced areas of technology. The study of this
new world of data processing technology may lead to
significant achievements in research, development, and
production—new methods, new systems, and new equip-
ment for extending the reach of man's mind. Seeking
basic answers, IBM is embarked on a wide range of re-
search and engineering projects that include the theo-
retical and practical aspects of: simulation. ..information-
retrieval systems . . . magnetic memories . . . chemistry . .
.
machine organization . . . radiation effects . . . mechanical
analysis . . . and mathematics.
The objectives of IBM scientists and engineers are 1
synthesize available knowledge, probe newconcepts, arr
develop new techniques. The end results are new ways1
broaden the applications and effectiveness of data proi
essing systems for science, defense, government, bus
ness,and industry. For example, thin-film circuitry is bein-
developed that will increase the speed, versatility, an.
economy of future systems. In addition, experimental mi
chines have been devised to read handwritten number
and many styles and sizes of printing. Other laborato
work involves information retrieval and automatic machir
recognition of voice commands.
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^cause the search for knowledge never ends at IBM,
Ita processing discoveries and achievements provide a
:allenging framework for career opportunity in many new
Bas of activity. Scientists and engineers can build a
warding professional future, finding new insights while
:ntributing to IBM's progress in fields such as: mag-
itic thin films, cryogenics, optics, semiconductors, or
Jlid-state miniaturization. The challenges are varied and
gsat— and career opportunities just as unlimited — in
dta processing, systems design, applications, circuit-
l^ic studies and design, mathematical research, and ad-
vnced programming techniques.
IBM extends the reach of man's mind '
The IBM advanced-education program provides financial
support for earning graduate degrees in the field of the
individual's choice, or for branching out into new areas.
IBM education programs cover on-site training, advanced-
degree courses at universities nearby, and competitive,
full-time scholarships leading to M.S. and Ph.D. Degrees
at a university selected by the employee. IBM, an Equal
Opportunity Employer, offers a company-paid benefits
program designed to meet the individual's needs as well
as his family's. For details, see your placement officer or
write to: Manager of Employment, IBM Corporation, Dept.
915, 590 Madison Avenue, New York 22, N. Y.
ei963, International Business Machines Corporation
THE FUEL CELL
By Wally Schroeter, Ch.E. '64
A new source of electrical and me-
chanical power will be available for
commercial use in the near future. A
versatile fuel cell will take its place
alongside the internal combustion engine,
the electric dynamos, and nuclear facili-
ties. First devised by William Grove in
1839, it is only recently that significant
development has taken place. Wheji
commercially available, the fuel cell will
provide economical, eflicicnt power to
operate farm equipment, home power
tools, industrial vehicles, and power
plants.
Fuel cells have numerous advantages
over conventional power sources, the
foremost being the absence of moving
parts. Also, these devices are theoretical-
ly capable of 100% efficiency, although
only 45 to 85 '^J values are obtained in
practice. These efficiencies compare quite
favorably with the average 25 per cent
squeezed out of today's electrical and
mechanical machinery.
In ordinary power production, a tre-
mendous amount of energy is wasted.
Consider the automobile engine. Only
the mechanical work of expanding com-
bustion gases is utilized, and engine fric-
tion reduces efficiency even more. The
bulk of the energy produced is in the
form of heat, much of which is conduct-
ed away by the cooling system or lost in
exhaust. Similarly, generator friction
and electrical design limitations sharply
reduce the output of our most efficient
electrical powerplants.
Having no moving parts, there are no
frictional losses in a cell series unit. The
conversion of chemical free energy into
electrical free energy, theoretically, oc-
curs under ideal thermodynamic condi-
tions, so that 100% conversion seems
reasonable. Internal electrical resistance
and concentration effects reduce cell ef-
ficiency only slightly.
In many respects the fuel cell is simi-
lar to the storage battery or dry cell,
which are also electro-chemical systems.
However, since the fuel cell reaction oc-
curs efficiently and quickly and the gases
are cycled rapidly, much current is pro-
32
duced from a small unit in a short pe-
riod of time. A series of cells would be
able to produce power equivalent to bat-
teries weighing ten times as much.
All fuel cells require both a fuel and
an oxidant which are catalyzed at tlieir
respective electrodes in reactions involv-
ing a loss or gain of electrons. Hy wir-
ing the electrodes together and placinj'
them in a suitable electrolyte, a direci
current is obtained which may be ban
nessed for power.
While different cells employ differen
oxidants and fuels, the common hydroJ
gen-oxygen cell exemplifies the basic op'
er.itional principles. The cell consists o
H^O. H20---^H20
V
^KOH Electrolyte
Hp-Op FUEL CELL UEIT
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«n electrodes (usually porous carbon)
,vhich are impregnated with a metal
•ataiyst. Anion^ the metals successfulh
ised are platinum, palladium, and siKer.
For catalysis, the cell must be main-
ained at a temperature suitable tor ac-
ivated absorption to occur. This temper-
iture depends on the specific reactants
[nd cell conditions. To provide this tem-
)erature. either some of the fuel or.
ireferably, an\ carbonaceous gas prod-
icts are burned in ordinary combustion.
At the cathode or oxidizing electrode.
I; (fed under pressure from a supph
aiik) reacts with water and a\ailable
lectrons to form the unstable perhy-
Iroxide ion (fl.H). This ion reaiiijy
ireaks down into OH" and elemental
ixygen. The OH" serves to replenish the
lectrolyte which is used up at the anode.
At the anode, hydrogen gas is changed
no free hydrogen through catahtic ab-
orption. This elemental free hydrogeji
ubsequentlv reacts with the OH" of the
lectrolyte (usually 20-50^^ KOH) to
orni water plus an electron. By coupling
he two electrodes, we can take ad\an-
age of the two individual reactions and
ombine them into a cell with an intra-
lectrode current. This flow of electrons
1 utilized for power purposes. The equa-
ions for the cell reactions:
mode ( +
)
I., = 2 H (catalvzed)
H - 2 OH =2 H,0 + 2e"
"athode (-)
),+H,0+2e- = O.H" + OH- (cata-
lvzed )
),H =OH- + y. o.
)verall
H O, H.O
In spite of its simplicity, the H.,-Oo
?11 has pre.sented a few ditficulties.
V^hile some water is used up in the
ithode reaction, even more is produced
t the anode, leading to dilution prob-
ms. Polarization, or heavy ion concen-
ration at the electrodes. ca\ises cor-
3sion. and therefore liiTiits cell life,
'he expensive electrode catahsts re-
uired increase initial cost. The bulk of
honeycomb of fuel cells is often unde-
rable for the intended use of the plant,
lydrogen and oxygen themsehes are
>cpensive and difficult to handle.
Attempts to solve these problems have
•d to the design of other types of cells,
jch of which has its own limitations,
mother form of the H^.-O,, cell, is
illed the Bacon cell, which was de-
gned to operate with inexpensi\e nickel
lectrodes. At 200 ^C the nickel becomes
suitable reaction catalyst. Howe\er.
lis high temperature ( 140"C higher
((I'irititiiud 'in Page 3S. Col. 2)
AN OPPORTUNITY TO GROW
IN THE HIGHEST PROFESSIONAL
WORKING ENVIRONMENT...
MITRE designs and develops systems that enable our mili-
tary commanders to detect attack and retaliate instantly.
Typical systems include Nuclear Detection and Reporting
Systems, North American Air Defense Combat Operations
Center and Back Up Interceptor Control System. MITRE
is also experimenting with techniques for future air traffic
control systems.
./
t^ii
"
for the young systems engineer there is no more rewarding
work. You associate with the top men in your field. You
work in an atmosphere that allows you to extend your
capabilities professionally and academically.
At MITRE, men trained in single disciplines are encouraged
to grow beyond their original fields of interest. Systems
designers learn to work from an increasingly broad base.
You may work in such diverse areas as information theory,
computer design, display techniques, propagation, or
human engineering. You may analyze. You may synthesize.
You may deal with systems or components. At ttie highest
levels, you may have to consider political, economic and
social factors ... as well as the predictable technology.
Minimum requirements, B.S,. or M.S.. or Ph.D. in these
disciplines: electronics, physics, and mathematics. MITRE
IS located in pleasant, suburban Boston. Rewards are com-
petitive. Write, in confidence, to Vice President Technical
Operations, The MITRE Corporation, P.O. Box 208. Dept.
UIT 12 Bedford, Mass
IHf I
Mi IKK
MITRE, an independeni nonprofit corporation, working with — not
in competition witli — industry, serves as technical advisor to the
Air Force Electronic Systems Division, and is chartered to work for
*such other Government agencies as the Federal Aviation Agency.
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There is a critical need in defense and space work for auto-
matic equipment that can go where a man cannot and per-
form decision functions that up to now only a man could
handle. To meet this requirement, a new type of computer
has been developed by Douglas. Called an "Optical Decision
Filter," it is self-organizing and can recognize and classify
three dimensional objects regardless of their size and orien-
tation with respect to its
viewing lens. The capabilities
OF JUDGMENT MACHINES de-nstrated by this .mt give
It great potential lor applica-
A STIMULATING AREA FOR CREATIVE ENGINEERS
,;,, ;, ,,any defense, space
and electronic fields, including the following: photographic
analysis; radar signature analysis; ballistic missile decoy
discrimination; and starfield (or other pattern) recognition.
THE NEW GENERATION
Tiie above is only one of hundreds of interesting assign-
ments at Douglas. If you are seeking a stimulating career
with an organization in the thick of the most vital programs
of today and tomorrow, we invite you to contact us. Write
to Mr. S. A. Amestoy, Douglas Aircraft Company,
3000 Ocean Park Boulevard, Santa Monica,
California. Box 600-M. Douglas DOUGLAS
Aircraft is an equal opportunity employer.
.//
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Your future in engineering is his business
He's a Monsanto Professional Employment representa-
tive. He's \iiiir representative, too . . . \()ur link between
campus and company. His knowledge ot Monsanto is
complete, and he's especialh qualified to counsel with
you regarding your future.
Ask him about Monsanto's diversit\'— in geography,
acti\ities. products that means e^ er-expaniiing op-
portunity tor the young man of exceptional promise.
Ask him about Monsanto's research -mindedness, how
it helps develop your creativity. Ask this expert in
fitliirti about the future Monsanto offers \oit in research,
engineering, manufacturing and m.irketing.
See your Placement Director to arrange an interview
when we visit your campus soon. Or %\rite for our
new brochure, "You, '\'our
Career and Monsanto," to
P r o fe s s i o n a I Em p 1 o \ ni e n t
Manager, Department IwM-3,
Monsanto Chemical Com-
pany, St. Louis 66, Missouri.
/
ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION WITHOUT REGARD TO RACE, CREED. COLOR OR NATIONAL ORIGIN
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Assignment:make ourcars
more rust-resistant
/•
Sall-water bath is one of lests
used to check rust protection
built into Ford-built cars.
Result: '63 Ford-built cars are
better protected against rust
than ever before
To tackle this assignment, Ford Motor Company
engineers turned to zinc. Galvanized, or zinc-clad,
steel has long been noted for its resistance to corro-
sion. It presented special problems which had limited
its use in automotive applications, however. It was
hard to weld, difficult to paint.
Our engineers developed special techniques to solve
the welding problem. They found a process which
eliminates the crystalline pattern on galvanized steel
and produces a surface that will accept a high-quality
paint job.
Now zinc can be married to steel and used for vital
underbody parts and rocker panels of Ford-built cars.
The zinc coating forms a tough barrier to corrosive
moisture—and if corrosion attacks, the zinc sacrifices
itself through galvanic action, saving the steel.
Other avenues explored in the fight against rust also
brought results: special zinc-rich primers to protect
key body areas, aluminized and stainless steels fo
extend muffler life, quality baked-enamel finishes that
are more durable (and look better).
Another step forward in total quality—and another
example of how Ford Motor Company provides engi-
neering leadership for the American Road,
^/rcC
MOTOR COMPANY
The American Road, Dearborn, Michigan
WTHERE ENGINEERING LEADERSHIP
BRINGS YOU BETTER- BUILT CARS
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ELECTRONICS
ENGINEERS
& PHYSICISTS:
If space
is your future,
your career
is with Hughes
IN ASTROSPACE
IN AEROSPACE
IN TERRASPACE
IN HYDROSPACE
As far back as 1890, Jules Verne
visualized excursion trains to
the moon. Today — 73 years later -
Hughes offers you the oppurlunily
to play an important part in man's
actual conquest of space.
Help us soft-land the SURVEYOR
on the moon — or work with us on
exciting advanced projects such as:
TFX(N) ELECTRONICS
MMRBM-Moblle Mid-Range Ballistic Missile
(Integration, Assembly & Checkout
SYNCOM—Communications satellite
BAMBI
ANTIMISSILE DEFENSE
PLASMA PHYSICS & ION PROPULSION
ADVANCED FIXED-ARRAY RADAR SYSTEMS
LASER & MASER RESEARCH & DEVELOPMENT
NUCLEONICS & MOBDT* SYSTEMS
SOLID STATE MATERIALS & DEVICES
DATA PROCESSING & COMMAND-CONTROL
B.S.. M.S. and Ph.D. Candidates
Members of our staff will conduct
CAMPUS
INTERVIEWS
February 28, 1963
and March 1, 1963
Find out more about the wide range of
activities, educational programs and
relocation allowances offered by Hugties.
For interview appointment or Informational
literature consult your College Placement
Director. Or write: College Placement Office
Hughes, P O. Box 90515, Los Angeles 9, Calif
CreatinQ a now world with ELECTRONICS
I
i HUGHES
HUGHES AIRCRAFT COMPANY
An egual opportunity employer.
•Trademark Hughes Aircraft Company
Bellman Archive
TRIANGLE'S NEW HOUSE
On April 14, 1962, TRIANGLE (U. of I. Engineer- ij
ing Fraternity) defied a forty year incantation and broke
ground for an entirely new chapter house. It will be the -
first newly constructed fraternity house on the U. of I. ')
campus since the 102(rs. i
It was designed by Champaign-l rbana architects,
Simon and Rettberg, after the decision was made to re-
build rather than remodel. By August 1, 1963, the sixty i
man, $250,000, seven level house should be completed. ;.
Outstanding features of the new structure include a
spacious recreation room located under the sunken living
and dining rooms which are at ground level. Two slid-
ing glass panels lead onto the patio from the spacious
living room which includes a fire place. Four stories of
study rooms and an i:ppermost dormitory top off the
ultramodern structure.
Of utmost interest is the inclusion of an apartment
within the house to accommodate TRIANGLE'S first
housemother in its historv at tlie L'. of I.
Highway Safety Center . . .
(Contiuiicd from F/ii/c 15)
progressive industries, several per cent
of the earnings are devoted to research.
. . .
Failure to rectify this situation
means wasted road dollars—and it can
be measured in the great growth in
property damage costs, in large num-
bers of injuries and in traffic fatalities."
Charles F. Carpentier, Illinois Secre-
tary of State, said: "It has been our
feeling that the establishment of a traf-
fic safety center at one of the state edu-
cational institutions would present op-
portunities for meaningful and favorable
research and study. . . . We would be
interested in statistical data in Age-Vio-
lation, Age-Accident, Violation-Accident
Correlation and similar research data."
Lab Facilities at University of iMinois
The Center, which is a part of the
Engineering College, can take advantage
of the traffic engineering lab in Room
404 Civil Engineering Hall. In this lab,
concepts of traffic characteristics and
control can be explained to those in
driver education teaching, traffic engi-
neers and other interested persons.
The lab is filled with reflectori/.ed
and non-reflectorized traffic signs and
has a traffic signal controller demon-
stration panel which shows how traffic
flow can be handled most efficiently. All
traffic signal controllers have been do-
nated by manufacturers except for the
master controller which regulates all
traffic in the University campus area.
Discovery of better highway planning
methods and methods of enforcement
coupled with uiu'formity in state traffic
laws and control devices are the posi-
tive steps being taken to reduce the na-
tion's traffic toll for the future.
Through formal education, extension
education, research and informational
services, the University of Illinois Traf-
fic Safety Center is helping to contri-
bute to that goal.
Fuel Cell . . .
((Ajntiniud fro/ii Pai/c 33)
than standard cells) limits the bulky
Hacon cell to central power plant usage.
As a replacement for the expensive
H^-O^ cell, cells consuming plentiful,
inexpensive petroleinn gases and air have
been ile\eloped. Indeed, the future of
the fuel cell appears to depend on these
hydrocarbon cells. One of these types is
the molten salt cell. It gets its name
from the molten carbonates which serve
as tlie electrolyte. Employing inexpen-
sive metal-oxide electrodes, the cell con-
sumes hydrocarbons and air at a scorch-
ing 500' to 80()°C. Like the Bacon cell,
the molten salt cell will find power
plant use, primarily at refinery locations.
Among the other types being devel-
oped, the ion-exchange membrane cell
stands out. A large portion of the bulk
is eliminated b\' replacing the electro-
lyte with an ion-exchange resin. This
resin in gel form allows for selective
transport of ions from one electrode to
another. This cell is able to produce
from 0.1 to 0.2 kilowatts/pound as com-
pared to half this amount by other cells.
However, suitable membranes must be
found for optimum performance and
cells must be adapted to economical elec-
trodes and hydrocarbon fuels.
The military is chiefly interested in
this lightweight cell for small communi-
cations use, such as field radios, radar,
and space applications. These small units
will also find civilian uses in pov/er packs
up to 50 kilowatts. Other types of fuel
cells, especially the low temperature
cells, will find use in propelling vehicle-
size machinery. Since hydrocarbon cells
have only water and carbon dioxide as
waste products, there are no luiburned
reactants to contaminate our cities' air
as our present automobiles do. Finally,
heavyweight, high-temperature cells will
be used as central power stations, pri-
marily where fuel is commercially pro-
duced. At locations other than refineries,
the large fuel cell stations will probably
have difficulty competing with nuclear
power and present hydroelectric facili-
ties.
It is difficult to predict how soon fuel
cell power will be widely available. A
great deal depends on the development
of efficient, cheap materials. Although at
present the initial cost is fairly high
( twice the cost of a comparable internal
combustion engine), fuel cells are rug-
ged and reliable, delivering economical,
maintenance-free performance.
Somxes
:
S/alus Report of Furl Cells. U.S.
Dept. of Commerce
The Fuel Cell. D. C. Mc.Mahon
Fuel Cells. R. Gibbs (Drexel Tech.
.Tnl.)
Fuel Cells. D. Keitz (Rochester In-
dicator)
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AUBASTER STATUETTE - SUMERIAN. THE METROPOLITAN MUSEUM OF ART. ROGERS FUNO, 19S0,
He was a great scientist in his day
This Sumerian was minding our busi-
ness five thousand years ago.
Like Olin, he specialized in chemi-
cals and metals. He smelted copperand
tin to make bronze. He made an iron
axle, put it between two wheels, and off
he went.
Men have always been trying to find
the answers to important problems. To-
day, Olin is at it, harder than ever.
Our pioneering research in liquid
chlorine helped eradicate typhoid and
other water-borne diseases.
Our anti-tubercular drug, nydrazid?
is a major reason TB deaths de-
creased 60% in the last eight years.
Olin's ammonium phosphate fertiliz-
er (Ammo-Phos*) makes it possible for
farmers to grow more food than ever
before.
And to prevent the tremendous
wastein food spoilage, we're workingon
an antibiotic-coated plastic wrapping.
lin
"An Equal Opportunity Employer"
To take a big sting out of life, Olin is
developing a high speed cartridge that
enables medicine to be injected without
the use of hypodermics.
But none of these advances could
have been made without our scientists.
Every division of Olin seeks the cre-
ative, scientific mind for the answers to
the research problems of our day. If this
is the kind of work that interests you,
call Olin or write to M. H. Jacoby, Col-
lege Relations Officer, Olin Mathieson
Chemical Corporation, 460 Park Ave-
nue, New York 22, N.Y.
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TECHNOQUIPS
A little man was strolling down the
street when suddenly he encountered a
big guy with a huge bulldog. "Keep \oin-
dog awa\ from m\' dog, " shouted the
little man. "I warn you!"
The big guy snorted and said
:
"That's a laugh. What could a little
yellow dog like that do to my big bull-
dog?"
And bang! The fight started. Just
when it looked as if the big bulldog
would chew up the little yellow dog, the
little dog opened its mouth and wham-
mo! . . . That was the end of the big
bulldog.
Well, naturally, the big guy was flab-
bergasted and he screamed at the little
fellow: "Say, what kind of a dog do you
call that?"
"Well," said the little man, "before I
cut oE his tail and painted him yellow,
he was an alligator."
* -3:- *
Then there's the dachshund who met
his end rimning around a tree.
He: "Pardon me, but you look like
Helen Brown. "
She: "Yeah, and I don't look so hot
in blue either.
"
What they mean when they say
:
"See me after class" (It has slipped
my mind).
"Pop quiz" (I forgot my lecture
notes).
"Thorough quiz " (one co\ ering ma-
terial not presented in class).
"I will derive" (Formula has slipped
my mind).
"Closed book qiiiz " (Memorize e\er\-
thing, including footnotes).
"Open book quiz" (Oil yom' slid.'
rule and wind your watch).
"Honor system" (Alternate seats).
"Briefly explain" (Not less than 1000
words).
* -* -*
A person who claims that absolute
zero is impossible, hasn't taken a thermo
quiz yet.
* * *
"So your husband is one of the big
guns of industry."
"Yes, he's been fired eight times."
* » »
Student's Motto: Keep frowning
—
and get credit for thinking.
A baseball game being played in a
pasture broke up in an uproar during
the se\enth inning when one of the par-
ticipants slid into what he thought was
third base.
-:['-
-'t> -^
"I forgot my umbrella."
"When did you miss it, professor?"
"When I started to close it, after the
rain stopped."
He: "You remind me of the ocean.
"
She: "You mean that I'm wild, ro-
mantic, and restless ?
"
He: "No, you make me sick. "
' # * «
Answer to a question on a Physics
test:
A meter is the distance between two
bars in Paris.
Prof. : "Who is that smoking in the
back of the room?"
Engineer: "No one, that's just the
fog we're in."
* * *
Mama: "I'm glad to see you sitting
so quiet while yoiu' father naps."
Junior: "I'm watching his cigarette
burn down to his fingers."
-':'=
'{5- ^
Prof.: "Why are you late?"
Da\hop : "Class started before I got
here.""
* «- *
ME on way to lecture: "I am going
with an open mind, a complete lack of
prejudice and a cool rational approach to
listen to what I am convinced is pure
rubbish."
5fr vfi- ^
The car sped off the highway, went
through the guard rail, rolled down a
cVifi. bounced off a tree, and finally
shuddered to a stop. A passing motorist
who had witnessed the entire accident
helped the miraculously unhurt driver
out of the wreck.
"Good Lord, mister, " he gasped, "are
50U drunk ?"
"Of course," said the man. "What do
you think I am a stunt driver?"
<i' » a
Rush Cliainiian: "()ur fraternity
maintains four homes for the feeble
minded."
Rushee: "I thought \ou had more
chapters than that."
The Siuiday School teacher was show-
ing her pupils a picture of early Chris-
tian martyrs in a den of lions. One lit-
tle boy seemed very disturbed—almost!
on the verge of tears.
"Gee," he said, "look at that poorr
lion in the back. He's not getting any."
'
» * s
A Boston spinster was shocked att
the language used by workmen repair-
ing telephone wires near her home, so
she wrote to the telephone company.
The manager immediately asked the
foreman on the job to make a report t
and here's what the foreman said
:
"Spike Williams and me were on this •
job. I was up on the pole and accidentally
let the hot lead fall on Spike—and it
went down his neck. Then Spike looked I
up at me and said: 'Realh', Harry, you 1
must be more careful'."
A fellow and a girl charged around I
a corner and bumped smack into each 1
other. They stepped back, apologized
!
and started up again, but they both
dodged in the same direction and
humped once more. Again they started
up, bumped, and apologized ; this time
the fellow stopiied, raised his hat and
gallantly remarked, "Just once more,
honey, then I really have to go."
» «. *
Professor (pointing to a cigarette on
the floor ) ; "Jones, is this yours?"
Jones (pleasantly): "Not at all, sir.
You saw it first."
« *. *
I wo duck hunters were sitting be-
hind their blind, one drinking from a
thermos jug of coffee, the other from a
jug of whiskey. After some hours of
sipping they spotted a lone duck wing-
ing through the sky. Taking quick aim,
the coffee drinker rose, let fire, and
missed. The whiskey drinker rose, let
fire, and brought the duck down. His
companion, properly amazed, compli-
mented him on the shot. He replied,
"Aw, it's nothing. I usually get five or
si\ out of a flock like that."
Professor Lewellyn Rubin looked to-
ward the next green, waggled his driver
confidently, and declared, "That's good
for one long drive and a putt." He gave
his club a mighty swing, blasted up
about tuo inches of sod, and managed
to get the ball about three feet from the
tee.
His cadd\ stepped forwanl, handed
him his putter, and suggested, "Now,
for one helluva putt."
Co-ed: "Where did you learn to kiss
like that?"
C.E. : "Siphoning gas."
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Kodak beyond the snapshot
(random notes)
At long last, the long last horse
r
ttmmassaBiit .^.u^
-.-dM
-JUC' ^C^
The horseplayeis of America have
made a contribution to engineering.
True horseplayers spend their lives
contributing. They contribute by a
process based on ordinal digits. Deter-
mination of the digits often requires
instrumentation. .A sound technology
has developed to support this instru-
mentation. The horseplayers gladly
support the technology by their con-
tributions. The technology is now old
enough to ha\e added the expression
"photo finish" to common speech.
.-\ photo-finish negative is projected
for the judges less than 25 seconds
after the last horse crosses the finish
line. They nearly always wait for the
last horse. If the last horse is quite late,
it looks longer than the first horse
because there is hardly need for it to
hurry any more as it passes the finish
line. The finish line is the optical con-
jugate of a narrow slit at the focal
plane of the camera. The film moves
past the slit at constant speed.
We have just introduced a new
KOD.AK Timing Negative Film for
this work. VVe don't see why the new-
film should be denied to off-track use.
It is a I5,'5mm film with the perforations
omitted and the edge legend kod.^k
s.^FETY FILM reduced in height to .014",
all in order to make room for the tim-
ing signal and other indicia (some of
which have been deleted from the
above illustration to protect the privacy
of the jockeys) When developed for
10 seconds in the proper hot de\eloper,
it yields extraordinary definition at an
Exposure Index of about 100. Fix-
ation is extremely rapid. Contrast is
readily controlled by the processing
parameters. Spectral sensitivity is
notably uniform from the ultraviolet
to GllOnifi.
Electric sugar, *5 per lb.
A mighty industry breaks down the
sugar molecule in the interests of con-
vi\ iality. Use of the sugar molecule as
a base for further building is little
practiced, except by us. (We do it in
the northeast corner of a state which
respects the venerable craft that works
the other way.)
And what is achieved thereby?
.•\ high dielectric constant, a large
increase in the capacitance of an elec-
trical condenser compared with when
there is nothing between the plates.
Obviously, the manufacturers of
capacitors and of electroluminescent
panels have had to be notified. We
lind them interested and alert.
We divert a little sucrose from coffee
breaks and react it with acrylonitrile,
forming a clear, viscous liquid desig-
nated Cyanoelhyl Sucrose in which a
statistical 7.3 of the 8 available hy-
droxyls are replaced by OC^H^CN
groups. .At 60 cycles this substance has
a dielectric constant of 38 and com-
petes with other cyanoethylated di-
electrics at 11-19 and with chlorinated
aromatic hydrocarbons at 4-6. (The
dielectric constant of water runs
around 80, but water is such watery
stuff!)
Other in\idious comparisons:
An Interview
with G.E.'s
H. B. IVIiller,
Vice President,
IVIanufacturing
Services
Halbert B. Miller has managerial
responsibility for General Electric's
Manufacturing Services. This re-
sponsibility includes performing serv-
ices work for the Company in the
areas of manufacturing engineering;
manufacturing operations and or-
ganization; quality control; person-
nel development; education, train-
ing and communications; materials
management; purchasing and sys-
tems OS well as the Real Estate and
Construction Operation. Mr. Miller
holds a degree in mechanical engi-
neering and began his General
Electric career as a student engi-
neer on the Company's Test Course
For complete information
about General Electric's
Manufacturing Training Pro-
gram and for a copy of
G.E.'s Annual Report, write
to: Personalized Career
Planning, General Electric
Company, Section 699-06,
Schenectady 5, New York.
Manufacturing Careers Offer
Diversity, Cliallenge
and Opportunity
Q. Mr. Miller, what do engineers do in manufacturing?
A. Engineers design, build, equip, and operate our General Electric plants through-
out the world. In General Electric, this is manufacturing work, and it sub-divides
into categories, such as quality control engineering, materials management, shop
management, manufacturing engineering, and plant engineering. All of these jobs
require technical men for many reasons. First, the complexity of our products is
un the increase. Today's devices—involving mechanical, electrical, hydraulic,
electronic, chemical, and even atomic components—call for a high degree of
technical knowhow. Then there's the progressive trend toward mechanization and
automation that demands engineering skills. And finally, the rapid development of
new tools and techniques has opened new doors of technical opportunity—elec-
tronic data processing, computers, numerically programmed machine tools, auto-
matic processing, feedback control, and a host of others. In short, the require-
ments of complex products of more exacting quality, of advanced processes and
techniques of manufacture, and of industry's need for higher productivity add up
to an opportunity and a challenge in which the role of engineers is vital.
Q. How do opportunities for technical graduates in manufacturing stack up
with other areas?
A. Manufacturing holds great promise for the creative technical man with leader-
ship ability. Over 60 percent of the 250,000 men and women in General Electric
are in manufacturing. You, as an engineer, will become part of the small technical
core that leads this large force, and your opportunity lor growth, therefore, is
unexcelled. Technical graduates in manufacturing are teamed with those in mar-
keting who assess customer needs; those in research and development who con-
ceive new products; and those in engineering who create new product designs. I
sincerely believe that the role of technical graduates of high competence in the
manulacturing function is one of the major opportunities for progress in industry.
Q. What technical disciplines are best suited to a career in manufacturing?
A. We need men with Doctor's, Master's, and Bachelor's degrees in all the tech-
nical disciplines, including engineering, mathematics, chemistry and physics. We
need M.B.A.'s also. General Electric's broad diversification plus the demands of
modern manulacturing call for a wide range of first-class teclniical talent. For one
example: outside of the Federal Government, we're the largest user of computers
in the United States. Just think of the challenge to mathematicians and business-
systems men.
Q. My school work has emphasized fundamentals. Will General Electric train
me in the specifics I need to be effective?
A. Yes. the Manufacturing Training Program is designed to do just that. Seminars
which cover the sub-functions of manufacturing will expose you to both the theo-
retical and practical approaches to operating problems. Each of the succeeding
jobs you have will train you further in the important work areas of manufacturing.
Q. After the Program—what?
A. From that point, your ability and initiative will determine your direction.
Graduates of the Manufacturing Training Program have Companv-wide oppor-
tunities and they continue to advance to positions of greater responsibility.
Progress Is OurMosf /mporfsni- Proefuci-
GENERAL AeLECTRIC
